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Abstract. Based on the work on the algebraic theory of actors and game semantics for asynchronous π
calculus, we give the full abstraction proof of game semantics for actors.
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1. Introduction
We ever did some work on game semantics for actors, but failed. Until now, we get the work on the algebraic
theory of actors Aπ [1] and game semantics for asynchronous π calculus [2]. There are no fresh things under
the sun, Aπ is a restriction of asynchronous π calculus by adding some type rules.
So, we firstly give the skeleton of full abstraction proof of game semantics for actors, then we detail the
proof. And we do not introduce the preliminaries on actors and game semantics for π, please refer to [1] and
[2].
2. Proof Skeleton
The algebra of actors Aπ acts as a restricted asynchronous π calculus to ensure the uniqueness, persistence
and freshness of actors.
The syntax of the algebra is following.
P ∶∶= 0 ∣ x⟨y,z⟩ ∣ x(y,z).P ∣ !x(y,z).P ∣ νx.P ∣ P ∣ Q
Then add the type rules of Aπ in [1] into the the type rules of processes in [2].
Then still use the concepts of arena, justified sequence, ⪯, strategy, ⊑, ⊙, the category of processes P
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defined by ⊙, composition ;, closed Freyd Category, well opened, the set of interleavings of the justified
sequence ∣, distributive-closed, trace operator Tr, we can check that the main conclusions in [2] still hold:
Tr is a trace operator for P by adding new interpretation of type rules of Aπ.
Finally, by adding the transition rules of Aπ into transition rule of asynchronous π, we can check that
the game semantics for Aπ still is fully abstract:
For any processes Γ ⊢ P,Q;Σ, P ≲ Q if and only if [[P ]] ⊆ [[Q]].
3. Detailed Proof
(1) Adding the type rules of Aπ in [1] into the the typing judgements of processes in [2].
We combine the type rules of [1] and [2] together as follows, where Γ and Σ are the input and output
receptionist set of P and f ∶ Γ → Γ∗ is a temporary input name mapping function that relates actors in P to
the temporary input names they have currently assume, and f ′ ∶ Σ → Σ∗ is for output actor names, which
are defined in [1]. We assume that each actor name has a distinct type.
Γ, x ∶ T, f ⊢ P ;Σ, f ′
Γ, z ∶ T, f ⊢ P{z/x};Σ, f ′
Γ, f ⊢ P ;Σ, x ∶ T, f ′
Γ, f ⊢ P{z/x};Σ, z ∶ T, f ′
Γ, x ∶ S, y ∶ T,Γ′, f ⊢ P ;Σ, f ′
Γ, y ∶ T,x ∶ S,Γ′, f ⊢ P ;Σ, f ′
Γ, f ⊢ P ;Σ, x ∶ S, y ∶ T,Σ′, f ′
Γ, f ⊢ P ;Σ, y ∶ T,x ∶ S,Σ′, f ′
Γ, f ⊢ 0;Σ, f ′
Γ, f1 ⊢ P ;Σ, f
′
1
Γ′, f2 ⊢ Q;Σ
′, f ′
2
Γ,Γ′, f1 ⊕ f2 ⊢ P ∣Q;Σ,Σ′, f ′1 ⊕ f
′
2
if Γ ∩ Γ′ = ∅ and Σ ∩Σ′ = ∅
Γ,y ∶ S, f ⊢ x⟨y,z⟩;Σ, x ∶ (S,T),z ∶ T, f ′
Γ,y ∶ S, f ⊢ P ;Σ,z ∶ T, f ′
{x} ∪ wˆ, x ∶ (S,T), ch(x, wˆ) ⊢ x(y,z).P ;{x} ∪ wˆ′, ch(x, wˆ′)
if Γ−{x} = wˆ;y ∉ Γ;f = ch(x, wˆ), x ∈ Γ;f = ch(ǫ, wˆ),otherwise and if Σ−{x} = wˆ′; z ∉ Σ;f ′ = ch(x, wˆ′), x ∈
Σ;f ′ = ch(ǫ, wˆ′),otherwise.
Γ,y ∶ S, f ⊢ P ;Σ,z ∶ T, f ′
{x} ∪ wˆ, x ∶ (S,T), ch(x, wˆ) ⊢!x(y,z).P ;{x} ∪ wˆ′, ch(x, wˆ′)
if Γ−{x} = wˆ;y ∉ Γ;f = ch(x, wˆ), x ∈ Γ;f = ch(ǫ, wˆ),otherwise and if Σ−{x} = wˆ′; z ∉ Σ;f ′ = ch(x, wˆ′), x ∈
Σ;f ′ = ch(ǫ, wˆ′),otherwise.
Γ, x ∶ T, f ⊢ P ;Σ, x ∶ T, f ′
Γ − {x}, f ∣(Γ − {x}) ⊢ νx.P ;Σ − {x}, f ′∣(Σ − {x})
where ch(x˜) is the same to that in [1]. The reduction semantics, and reduction relation↠, and structural
equivalence are the same to those in [2], and the symbols P ↓, P ⇓, P ≲ Q and P ≃ Q are also the same to
those in [2].
(2) Checking if Tr is a trace operator for P by adding new interpretation of type rules of Aπ.
On game semantics, the concepts arenas A,B, moves, enabling relation, initial moves, negative moves,
justified sequence, strategies, the least preorder ⪯, prefix-closed ⊑, a category of configurations P , disjoint
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union of forests ⊙, composition of strategies ;, restriction ↾, identity strategy on A as idA, so we can get P
is also a well defined category.
By use of the concepts of well-opened, the set of interleavings of the justified sequences s, t as s∣t, we
can define a closed Freyd Category based on (P , I,⊙), which is consisted of SMC(P , I,⊙), a well-defined
Cartesian category of abstractions A, and the functor !.
So we also can define the trace operator Tr, according to the following rules,
[[Γ, y ∶ T,x ∶ S,Γ′, f ⊢ P ;Σ, f ′]] = [[Γ, x ∶ S, y ∶ T,Γ′, f ⊢ P ;Σ, f ′]]; (id[[Γ]] ⊙ θ[[T ]],[[S]] ⊙ id[[Γ′]])
[[Γ, f ⊢ P ;Σ, y ∶ T,x ∶ S,Σ′, f ′]] = (id[[Σ]] ⊙ θ[[S]],[[T ]] ⊙ id[[Σ′]]); [[Γ, f ⊢ P ;Σ, x ∶ S, y ∶ T,Σ
′, f ′]]
[[Γ, z ∶ T, f ⊢ P{z/x};Σ, f ′]] = [[Γ, x ∶ T, f ⊢ P ;Σ, f ′]]; (id[[Γ]]⊙!△[[T ]])
[[Γ, f ⊢ P{z/x};Σ, z ∶ T, f ′]] = (id[[Σ]]⊙!∇[[T ]]); [[Γ, f ⊢ P ;Σ, x ∶ T, f
′]]
[[Γ, f ⊢ 0;Σ, f ′]] = Σ,Γ
[[Γ,Γ′, f1 ⊕ f2 ⊢ P ∣Q;Σ,Σ
′, f ′
1
⊕ f ′
2
]] = [[Γ, f1 ⊢ P,Σ, f
′
1
]]⊙ [[Γ′, f2 ⊢ Q;Σ
′, f ′
2
]] if Γ ∩ Γ′ = ∅ and Σ ∩Σ′ = ∅
[[{x}∪wˆ, x ∶ (S,T), ch(x, wˆ) ⊢ x(y,z).P ;{x}∪wˆ′, ch(x, wˆ′)]] =!Λ([[Γ,y ∶ S, f ⊢ P ;Σ,z ∶ T, f ′]]);̺[[S]],[[Γ]],[[T]]
;der[[S,T]] ⊙ id[[Γ]]
if Γ−{x} = wˆ;y ∉ Γ;f = ch(x, wˆ), x ∈ Γ;f = ch(ǫ, wˆ),otherwise and if Σ−{x} = wˆ′; z ∉ Σ;f ′ = ch(x, wˆ′), x ∈
Σ;f ′ = ch(ǫ, wˆ′),otherwise.
[[{x}∪wˆ, x ∶ (S,T), ch(x, wˆ) ⊢!x(y,z).P ;{x}∪wˆ′, ch(x, wˆ′)]] =!Λ([[Γ,y ∶ S, f ⊢ P ;Σ,z ∶ T, f ′]]);̺[[S]],[[Γ]],[[T]]
if Γ−{x} = wˆ;y ∉ Γ;f = ch(x, wˆ), x ∈ Γ;f = ch(ǫ, wˆ),otherwise and if Σ−{x} = wˆ′; z ∉ Σ;f ′ = ch(x, wˆ′), x ∈
Σ;f ′ = ch(ǫ, wˆ′),otherwise.
[[Γ,y ∶ S ⊢ x⟨y,z⟩;Σ, x ∶ (S,T),z ∶ T]] = Σ,Γ ⊙ app[[S]],[[T]]
[[Γ−{x}, f ∣(Γ−{x}) ⊢ νx.P ;Σ−{x}, f ′∣(Σ−{x})]] = Tr
[[T ]]
[[Σ−{x}]],[[Γ−{x}]]
([[Γ−{x}, x ∶ T, f ⊢ P ;Σ−{x}, x ∶ T, f ′]])
Then we can get the following two conclusions.
Proposition 3.1. If M ≡ N , then [[M]] = [[N]].
Proposition 3.2. If M → N , then [[N]] ⊆ [[M]].
(3) Checking if the game semantics for Aπ still is fully abstract.
To show the game semantics is fully abstract with respect to may-equivalence, we will relate the game
semantics to the following transition rules.
Then let trace(P ) be the set of traces for the configuration P . Then we can get that there is also a
bijective correspondence between the traces over (Γ,Σ) and the justified sequences on [[Σ]] ⊙ [[Γ]].
Then we get finally get the full abstraction result as follows.
x(y,z).P
x⟨k,l⟩
ÐÐÐ→ P{k/y, l/z}
x⟨y,z⟩
x⟨k,l⟩
ÐÐÐ→ [y ↦ k]∣[l ↦ z]
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P
α
Ð→ P ′
P ∣Q
α
Ð→ P ′∣Q
bn(α) ∩ fn(Q) = ∅
P
α
Ð→ P ′
νx.P
α
Ð→ νx.P ′
P
α
Ð→ Q P ≡ P ′
P ′
α
Ð→ Q
P
x⟨k,l⟩
ÐÐÐ→ P ′ Q
x⟨k,l⟩
ÐÐÐ→ Q′
νx.(P ∣Q)
τ
Ð→ νx.νk.νl.(P ′∣Q′)
Theorem 3.3. For any processes Γ ⊢ P,Q;Σ, P ≲ Q iff [[P ]] ⊆ [[Q]].
4. Conclusions
We give the fully abstract proof for actors, and it is based on the algebraic theory of actors Aπ [1] and the full
abstract game semantics for the asynchronous π calculus [2], just because Aπ is a restricted asynchronous π
calculus.
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